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SUMMARY A radioactive cDNA probe complementary to chlamydial ribosomal RNA was used to
detect C trachomatis in urogenital specimens. Of 37 specimens positive with cell culture 31 were
confirmed by the rRNA:cDNA hybridisation test, the sensitivity being 83.8%. The specificity of the
hybridisation test was 94.4%, as 186 of 197 specimens that were negative by cell culture were also
negative when assessed by the hybridisation method. Given a prevalence of 15.8% the predictive
values for positive and negative results were 73.8% and 96.9%, respectively. In additional
experiments the possible role of microorganisms added to the specimen collection medium was
investigated. However, no indication for crosshybridisation was found; at high concentrations
microorganisms interfered with the test procedure.

Chlamydia trachomatis is the most common agent of
sexually transmitted diseases in western countries.2
The mild and often asymptomatic course ofurogenital
chlamydia infection requires the microbiological
investigation ofpatients and even the screening of risk
populations for an effective epidemiological control.
The routine detection of C trachomatis cannot yet

be considered adequate. Indeed the isolation in cell
culture is the method ofchoice but the performance of
cell culture is limited owing to the cost, the require-
ment of specialised facilities and restricted transporta-
tion of specimens because of a low viability of
chlamydia.36 An improvement with respect to these
limitations was the introduction of antigen detection
tests using specific antibody either with immuno-
fluorescence' or in enzyme-immunoassays.7910
However, these tests cannot fully satisfy the require-
ments either. Especially in populations with low
prevalence of chlamydial infections the sensitivity of
antigen detection tests turned out to be relatively low. `
A new approach to this issue is DNA-hybridisation

technique'2 13 which has so far not yet been sufficiently
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evaluated. In particular the different technical varia-
tions of this method regarding the kind of nucleic acid
probes used, the mode ofhybridisation and the type of
the visualisation system need further investigation
before a final estimation of the relevance of hybridisa-
tion technology for routine diagnosis of C trachomatis
can be given. In this study a hybridisation assay that
allows the detection ofC trachomatis ribosomal RNA
(rRNA) in the soluble phase of the transport medium
by a radio-labelled complementary DNA-probe was
evaluated. In addition the possible role ofmicroorgan-
isms present in the urogenital tract to interfere with the
test procedure has been investigated.

Patients, materials and methods

STUDY POPULATION
Urogenital specimens were collected from 105 men
and 129 women attending sexually transmitted dis-
eases (STD) outpatient clinics in Heidelberg and Wien.

SPECIMEN COLLECTION
Urethral specimens were collected 4 hours after mic-
turition by inserting a swab 2-4 cm into the urethra
and withdrawing it after rotating. Endocervical
specimens were obtained after removal of the cervical
mucus by inserting a swab into the cervical canal,
rotating it several times and withdrawing it. Sampling
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for the hybridisation test was carried out with swabs
and transport medium provided in a specimen collec-
tion kit (Gen-Probe, Inc., San Diego). For cell culture
ENT swabs (Mast Diagnostics) were used and placed
in saccharose/phosphate transport medium.

ISOLATION OF C TRACHOMATIS IN CELL CULTURE
McCoy cells were cultured on glass coverslips in
Roswell Park Memorial Institute (RPMI) medium
1640 supplemented with 10% fetal calf serum. After
growth to monolayers, cell cultures were treated with
cycloheximide at a final concentration of 1 pg/ml.
Cultures were then inoculated with 0.2 ml transport
medium, centrifuged at 3000 g for one hour, medium
changed after two hours, and then incubated for up to
72 hours. To detect inclusions cells were fixed in
methanol for 10 min and 20 !I of fluorescein con-
jugated monoclonal antibody (Syva-Merck, Darm-
stadt) applied. After being incubated in a moist
chamber for 15 min at 37°C coverslips were rinsed with
distilled water, air dried, mounted and examined with
a Zeiss fluorescence microscope. In the cases in which a
passage was performed cells of the first culture were

scraped from the coverslips, carried over to a fresh
monolayer for inoculation and then processed like the
primary cultures.

DETECTION OF C TRACHOMATIS BY RRNA:CDNA
HYBRIDISATION
The transport medium contains substances to release
rRNA from microorganisms. Transport medium (50
pl) was transferred to a tube and 100 p1 '25I-labelled
DNA probe (Gen-Probe, Inc., San Diego) com-
plementary to C trachomatis rRNA were added. The
tubes were then placed in a waterbath and incubated
for 2 hours at 60°C to form stable rRNA:cDNA
hybrids. Afterwards 2 ml separation reagent contain-
ing buffer and magnetic particles was added to the
tubes and incubation continued at 60°C for 5 min to
allow magnetic particles to bind double-stranded
rRNA:cDNA hybrids. Next, the tubes were placed on
a magnetic separation base (Gen-Probe, Inc., San
Diego) resulting in separation of magnetic particle
bound hybrids from the remaining non-hybridised
probes and after 2 min of holding the tubes and the
base together tubes were decanted. By this procedure
hybrids bound to magnetic particles were retained in
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the tubes whereas the remaining unbound cDNA-
probe was removed. Afterwards the tubes were
washed with 1 ml of washing solution (60°C) and
again, holding the tubes and the base together tubes
were decanted. This procedure was repeated twice and
tubes then counted in a gamma counter for 1 min. The
results are calculated based on the percentage of net
counts added to each test tube.

INVESTIGATING INTERFERENCE WITH OTHER
MICROORGANISMS
Urogenital isolates comprising the different micro-
organisms as listed in table 2 were cultured on Thayer
Martin agar or Sabouraud agar, respectively, and
colonies suspended in phosphate buffered saline
(PBS). Mycoplasms were cultured in Shepard A7
medium. The various suspensions were centrifuged at
3000 g for 20 min and the pellet was resuspended and
serially diluted on a log 10 base using transport
medium of the hybridisation assay. Fifty p1 of each of
these suspensions were stored 1 h to release rRNA
from the microorganisms and afterwards processed
with the hybridisation assay. To determine the concen-
trations of the microorganisms aliquots of the suspen-

sions diluted with PBS were plated on Thayer Martin
agar without antibiotics or on Sabouraud agar, res-

pectively, cultured and colonies were counted after 24
h. Mycoplasms were cultured on Shepard A7 agar and
colonies were counted with a microscope after 72 h.

Results

With the cell culture in 37 of 234 urogenital specimens
C trachomatis were isolated. This corresponds to an

overall prevalence of chlamydial infections in the
population investigated of 15-8%.

Thirty one of the 37 positive results obtained with
the cell culture were confirmed with the hybridisation
assay. Taking the cell culture results as the standard
the hybridisation test had a sensitivity of 83-8% (table
1). In the cases in which the hybridisation test yielded
discordent negative results less than five inclusions
were found with the cell culture. Of the 197 specimens
judged negative by cell culture only 186 were confir-
med by the DNA hybridisation assay. In the 11 cases

of discrepant results cell culture was repeated and
passage performed once, without, however, yielding

Table 1 Comparison ofa RNA:DNA hybridisation test and cell culture to detect Chlamydia trachomatis in urogenital
specimens

Cell culture detection RNA:DNA hybridisation with a '25I-labelledprobe
ofinclusions by monoclonal
antibodies and immunofluorescence Positive Negative Sensitivity Specificity

Positive 31 6 83-8% (31/37)
Negative 11 186 94-4% (186/197)



Direct detection ofChlamydia trachomatis with rRNA:cDNA hybridisation
Table 2 Interference ofhigh amounts ofmicroorganisms
with the test procedure

First dilution step yielding
jalse-positive results in the

Species ofmicroorganism hybridisation test

Morganella morganii 62 x 10'
Escherichia coli 1-4 x 10
Proteus mirabilis 5.5 X 10'
Enterobacter species 56 x 109
Citrobacter diversus 25 x 107
Providentia stuartii 7.5 x 1O'
Klebsiellapneumoniae 25 x 10'
Pseudomonas aeruginosa 5.5 x 10o
Acinetobacter calcoaceticus 9.7 x 108
Neisseria gonorrhoeae 34 1x 10'Streptococcus'faecalis 4:6 x 101
Candida albicans 9-0 x 10'
Torulopsisglabrata 5-0 X 107
Staphylococcus aureus 25 x 10'
Staphylococcus epidermidis 9.2 x i07
Streptococcus group B 7.4 x 10'
Ureaplasma urealyticum neg. up to 2-0 x 107
Mycoplasma hominis neg. up to 1-4 x 107

positive results.'4 Accordingly the specificity of the
hybridisation test reached 94 4% (table 1). Predictive
values for positive and negative results were 73-8%
and 96.9%, respectively.
To estimate whether microorganisms possibly

present in the urogenital tract might interfere with the
test procedure and cause false positive results trans-
port medium enriched with different amounts of the
microorganisms listed in table 2 was investigated with
the hybridisation assay. With all microorganisms
investigated at a final concentration in the range of 5.5
x 106 to 9 x 108 per 50 pl of transport medium false
positive results were obtained. With Ureaplasma
urealyticum and Mycoplasma hominis negative results
were obtained up to 2 x 107 and 1.4 x 107 per 50 p1

(table 2).

Discussion

Recent advances in DNA technology have made it
possible to produce large quantities of nucleic acid
probes with defined sequences and permit the use of
DNA hybridisation technique in clinical diagnosis.
The DNA hybridisation test evaluated for the detec-
tion of C trachomatis in clinical specimens is easy to
handle and shortens the time to detect chlamydial
DNA by hybridisation to four hours. This study shows
that DNA hybridisation can be used effectively to
detect C trachomatis directly in clinical specimens.

In comparison with the results obtained with cell
culture the DNA-hybridisation assay in six specimens
could not detect C trachomatis. Since the specificity of
the cell culture, the golden standard of chlamydia
diagnosis, is generally regarded to be near 100%, it has
to be assumed that in cases of discrepant results
actually the hybridisation assay and not cell culture

failed in the diagnosis ofC trachomatis infections. The
number of inclusions in the cell cultures inoculated
with the specimens yielding discrepant negative results
in the hybridisation test were less than five. This
suggests that at lower copy numbers of chlamydial
rRNA the detection level of the hybridisation assay
may be reached.

There were 11 discordant positive results obtained
with the DNA-hybridisation assay which could not be
confirmed by cell culture. In these cases on the one
hand cell culture may partially have failed, since cell
culture, although it is generally considered the most
sensitive method does not reach 100%."'7 Failures of
the cell culture were, however, minimised in our study
since for the detection of inclusions fluorescein-
labelled antibodies were used and in the cases the
DNA-hybridisation assay yielded discordant positive
results cell culture was repeated and passage perfor-
med once. Thus discordant positive results of the
hybridisation assay may on the other hand comprise
cases of actual false-positive results partially resulting
for instance from the presence of other bacteria which
may interfere with the test system.
As demonstrated in additional experiments false

positive results can principally occur in the test
evaluated owing to the presence of large numbers of
other microorganisms in the specimens. Two explana-
tions seem possible: nucleic acid sequences of other
microorganisms crosshybridise with the DNA-probe
or microorganisms interfere nonspecifically with the
test procedure. Since the false positive results obtained
in the additional experiments did not occur selectively
with only certain genetically related species of
microorganisms, crosshybridisation is very unlikely to
be the cause of the false positive results. The finding
that false positive results were observed with concen-
trations approximately within the same range, with all
species ofmicroorganisms argues rather for the second
explanation. As a consequence, contamination of
specimens with microorganisms during sampling for
instance by touching the vaginal walls with the swab
should be avoided.
The feature which makes the available antibody-

based direct detection tests not fully satisfactory for
the requirements of C trachomatis diagnosis is their
lower sensitivity in comparison with cell culture. This
problem becomes particularly relevant when popula-
tions with a low prevalence of chlamydial infections
are investigated. Given the relatively high prevalence
of 15.8% in our population the predictive value of
positive results was only 73-8% for the DNA hybridis-
ation assay evaluated. This means that in populations
with a low prevalence a positive result of the DNA
hybridisation test is not more reliable than that of the
antigen detection tests. In contrast, the predictive
value for negative results of 96.9% at a prevalence of
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15.8% seems to be acceptable, even if higher
prevalence rates are taken into account.

Sensitivity and also in part the specificity of the
hybridisation test evaluated corresponded to those
previously found with hybridisation assays.'8`9 In
these studies, however, only small numbers of selected
specimens were investigated'8202' and laborious
hybridisation methods like sandwich-hybridisation20
and spot-hybridisation2' assays were used and/or time
of performance was too long'`2' to permit tests to be
alternatives for antigen detection tests. In contrast, the
hybridisation test evaluated was as rapid and easy to
perform as antigen detection tests. There remains,
however, one drawback of the hybridisation test in
comparison with the direct specimen immunofluor-
escence test or enzyme-immunoassay: the radioactive
label of the DNA-probe. This feature limits the use of
this hybridisation test for laboratories which lack
facilities to work with isotopes. Therefore only nucleic
acid-probes with a non-radioactive stain, for instance
as previously demonstrated for the detection of
chlamydial inclusions in cell cultures22 would make
hybridisation tests like the one we have evaluated
actually competitive with the antigen detection tests.
Very recently such a DNA hybridisation test with a
luminescence-based detection procedure has been
introduced and is currently being evaluated.
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